Abstract-Here we put forward a roadmap that summarizes important questions that need to be answered to determine more effective and safer treatments. A key concept in management of neurocysticercosis is the understanding that infection and disease due to neurocysticercosis are variable and thus different clinical approaches and treatments are required. Despite recent advances, treatments remain either suboptimal or based on poorly controlled or anecdotal experience. A better understanding of basic pathophysiologic mechanisms including parasite survival and evolution, nature of the inflammatory response, and the genesis of seizures, epilepsy, and mechanisms of anthelmintic action should lead to improved therapies.
Cysticercosis, the most common cause of adult-onset epilepsy in the developing world, [1] [2] [3] is due to infection with the cystic larval form of the tapeworm Taenia solium. The intestinal dwelling tapeworm stage develops following the ingestion of raw or poorly cooked pork containing cystic larvae. The tapeworm releases infectious ova into the feces. When ingested by freeroaming pigs, the ova release the invasive larvae, which migrate and develop into cystic larvae in the muscles, brain, and other tissues of the pig. Like the pig, humans also develop larval cysts in their tissue after accidental ingestion of ova. Most of the symptoms and disease in humans result from infection of the CNS by larval cysts. Presenting symptoms and signs can be particularly varied due to differences in location, number of cysts, and associated inflammation. 1, 4 Treatment of neurocysticercosis (NCC) is controversial. 1, [4] [5] [6] [7] [8] [9] There are limited natural history studies of most types of NCC so that the benefits of treatments, until most recently, have not been based on optimally designed studies. Despite this imperfect supporting information, clinical observations indicate that treatment approaches and requirements differ among the forms or types of NCC. Factors considered in deciding treatments include the anatomic location of cysts, the stage of evolution of the cysts, number of cysts, the degree of associated inflammation, size, and severity of symptoms. Frequently, the presence of multiple cysts in different anatomic locations and in varying stages of evolution further complicates treatment decisions. Determining effective treatments is complicated by the fact that cysticidal treatment itself initiates a host in-flammatory response that may result in the symptoms that one is trying to control.
Like many complex diseases that evolve over a long time, multiple types of treatments are used. 4 Although treatment with the cysticidal agents albendazole and praziquantel has been the focus of a majority of reports, other treatments are also employed and important. These include use of corticosteroids and other immunosuppressive/antiinflammatory medications to control damaging and potentially harmful host inflammatory responses, antiepileptic drugs (AEDs), surgical interventions, and general supportive measures. Although corticosteroids are commonly used to control signs and symptoms, their use has not been systematically studied. Short-term use is associated with transient side effects that are usually tolerated; however, longterm treatment is commonly required in complicated NCC, and side effects are frequent, severe, and even life threatening.
Most of our current treatments are based on empiric observations and subsequent refinements through clinical trials. We lack a scientific understanding of the pathophysiologic processes involved. Unraveling the basic mechanisms underlying the processes responsible for clinical disease expression and their interactions can be expected to lead to novel, improved, and safer treatments to prevent short-term complications and long-term sequelae. Three main basic processes take part in most of the disease and its consequences: 1) the biology of the cystic larva (growth, survival, degeneration, and death); 2) the host inflammation directed to the larva (induction, type, character, and role in pathogenesis and clearance of parasite material); and 3) the nature and character of brain damage and genesis of seizures and epilepsy.
How cysts develop, survive, grow, and degenerate is poorly understood. However, these are important factors that determine the nature and complications due to cysticercosis. Inflammation is a dominant if not pivotal process in disease pathogenesis of most forms of NCC. Seizures, the most common manifestation of NCC, somehow arise as a consequence of this inflammatory process. In addition, the latter is the starting point of a series of events that result in epilepsy. Knowing how seizures and epilepsy develop may lead to a better understanding of the pathogenesis of other forms of epilepsy and rational methods to control seizures in this population. A number of experts in parasitology, neurology, immunology, epilepsy, and veterinary medicine met last year to review the current status and issues in the treatment of NCC. The goal of the conference was to determine ways to improve the treatment of NCC by defining important questions and approaches to answer these questions. As the issues and problems associated with the frequently encountered different clinical types of cysticercosis are unique, they are discussed separately below.
Intraparenchymal NCC. Viable cysts. Cysts most commonly lodge in the parenchyma of the brain. Parenchymal cysts may be viable, degenerating (enhancing lesions), or already dead and calcified. 10 Viable parenchymal cysts may be asymptomatic. However, they are more frequently seen in patients with seizures in endemic areas. Presumably, the viable cysts more frequently degenerate and initiate an injurious inflammatory response. Mass effects as well as focal neurologic symptoms and signs may also be caused by viable parenchymal cysts.
Many studies have documented that anthelmintic therapy results in death and resolution of viable cysts, 5, [7] [8] [9] 11, 12 but the clinical benefit of this treatment had been questioned. 6 As noted, treatment predictably injures cysts and initiates a sometimes intense inflammatory response to them 13 that mimics the natural evolution of cysts. Seizures, headaches, and uncommonly death can occur secondary to cysticidal treatments. Until recently it had been unclear if it was better to kill cysts with anthelmintic agents and manage or prevent acute symptoms at the time of treatment or not to employ anthelmintics, then intervene and treat symptomatically as required. The recent publication of a randomized, placebocontrolled trial of treatment of adults with 20 or less viable parenchymal cysts and a history of seizures with albendazole and a short course of corticosteroids showed long-term clinical benefit and a decrease in generalized seizures and a nonsignificant decrease in all seizures following treatment. 7 Although earlier randomized controlled studies indicated clinical benefit of treatment in some studies, [7] [8] [9] 12 others failed to reach significance. 6 A recent meta-analysis of these treatment studies confirmed that anthelmintic treatment of parenchymal NCC is clinically beneficial.
14 This study and the reanalysis of prior studies shift the prevailing opinion from one of disputed clinical benefit to one of proven efficacy of treatment. The Garcia et al. multicystic treatment trial 7 also found a correlation (although not significant) between the presence of residual viable cysts and the occurrence of seizures. A number of studies earlier found correlations between the presence of viable or degenerating cysts and increased risks of seizures. 6, [15] [16] [17] [18] Though the Garcia et al. study is a good beginning in as much as it establishes the benefits of anthelmintic treatment of viable cysts, the magnitude of benefit demonstrated in the trial leaves much to be desired. For instance, it showed that only about half of the subjects irrespective of treatment remained seizure-free over a 2.5-year period, and only one-third of the subjects were cured of their disease as shown by imaging at 6 months. This means that more effective treatments are required to maximize clinical benefit and reduce morbidity due to seizures.
One of the diagnostic hallmarks of NCC is the presence viable, degenerating, and calcified cysts in the same individual. Although some cysts are the focus of intense inflammatory responses, others have no or little associated host responses and can remain undisturbed for long periods of time. Besides living in protected environments like brain and eye, mechanisms described to be associated with immune evasion in cysticercosis include complement inhibition, secretion of distractive antigens, cytokine expression, masking with host's immunoglobulins, among others. 19, 20 Understanding how the parasite evades the host's responses and other host-parasite interactions may lead to novel, safer, and more effective interventions. Studies are beginning to understand potential mechanisms that prevent effective host responses to viable cysts 21 and how inflammatory responses to cysts provoke seizures. 22, 23 However, therapies specifically designed to modify or prevent the damaging inflammation caused by degenerating cysts have not yet been systematically evaluated.
Questions and approaches concerning treatment of viable cysts. Studies need to identify and evaluate more effective, safe, and efficient anthelmintic treatments and the safest and most effective accompanying anti-inflammatory agents. Evidence from current studies suggests that the amount of time a patient is exposed to viable cysts that can potentially degenerate or to currently degenerating cysts correlates with an increased risk of seizures. Therefore, methods to decrease the time at risk or to decrease the risk through judicious use of antiparasitic, antiinflammatory, or immunosuppressive treatments should be studied.
Although both praziquantel and albendazole are proven cysticidal agents, their effectiveness is variable, and not all cysts die after a single course of antiparasitic treatment. This needs to be improved with better regimens, better agents, or combinations of agents. Even though there is a significant reduction in numbers of cysts, others survive and increase the likelihood of seizures. The philosophy of treatment has been to use the least intervention in terms of time and amount of drug to obtain reasonable cure rates in a majority but not all patients. However, as the risk of seizures appears to correlate with the presence of viable and degenerating cysts, consideration should be given to a more individualized goal of eliminating all or almost all viable cysts where this approach is practical.
An understanding of the mechanisms of action of cysticidal medications may lead to development and use of safer and more effective drugs or drug combinations. Oxfendazole, a drug that has been shown to be particularly useful in the treatment of cysticercosis in swine, 24 and other potentially anticysticidal drugs should be evaluated in humans. Operationally, the methods of the trial by Garcia et al. can serve for initial comparison to optimize therapy. 7 The use of anti-inflammatory agents in cysticercosis has not been systemically studied, even though most experts favor the effectiveness of corticosteroids to one degree or another. 4 If indeed seizures are associated with degenerating cysts and its associated inflammatory responses, then future research should address ways to prevent or minimize these inflammatory responses. These include studies specifically designed to understand 1) how the parasite remains viable and why there is no effective immune response; 2) what mechanisms are involved in initiation of the host immune response; 3) characterization of the immune response; 4) which aspects of the host response are involved in pathogenesis and which lead to parasite clearance; and 5) appropriate and safe methods to control inflammation associated with treatment-induced and naturally degenerating cysts.
Finally, studies need to address if and how treatment of viable cysts can lead to a decrease in epilepsy or seizures that is present in chronic cysticercosis, a later stage usually defined by the presence of dead calcified cysts. Recent studies indicate that most of the morbidity in NCC occurs in chronic cysticercosis. Studies also need to address the evolution and natural history of chronic cysticercosis and interventions to prevent and treat epilepsy associated with chronic disease.
Single enhancing lesions. A single degenerating cyst is the most frequent finding associated with NCC in the Indian subcontinent 25 and is common in other regions as well. Degenerating cysts are usually associated with seizures because these cysts incite a granulomatous inflammatory response by the host. MRI of these lesions shows varying degrees of enhancement and edema, and histologic examination of these as well as nodular enhancing lesions (a more advanced stage of degeneration) invariably shows acute and or chronic granulomatous inflammation. [26] [27] [28] [29] This type of presentation is the best studied of the clinical forms of NCC. Overall, there is a favorable prognosis. The effectiveness of antiparasitic treatments in this type of presentation has been variable. However, the most rigorous double-blinded randomized treatment trial showed an initial increase in seizures followed by a significant clinical benefit of anthelmintic treatment compared to antiseizure medication over the subsequent 2 years of evaluation. 15, 30 A nonblinded follow-up evaluation of treated and nontreated subjects showed an equalization of seizure frequency and an overall good prognosis in both groups. 15 As mentioned earlier, reanalysis of treatment trials of enhancing lesions [30] [31] [32] [33] by metaanalysis showed an overall benefit of treatment.
14 A potential reason for differences in individual study results is the heterogeneity of morphology of single enhancing lesions (SELs). Some SELs have a cystic or vesicular appearance, whereas others appear nodular or solid. Prior studies did not usually distinguish between these polar types of SELs. The cystic stage likely represents an early or nonresolving cyst in contrast to the solid nodular lesions that represent a more advanced state of degeneration and resolution. The former has been shown to resolve with anthelmintic treatment. 26 Treatment trials comparing fully degenerated vs still cystic lesions may show more benefit of antiparasitic treatment in these selected patients. A recently published randomized trial comparing 14 days of prednisolone in the absence of anthelmintic therapy with placebo documented a decrease in seizure frequency in favor of prednisolone. 34 However, another randomized open label trial found that prednisolone was significantly inferior in decreasing seizures compared with albendazole and prednisolone. 18 Although treatment with albendazole and prednisolone may be superior to corticosteroid use alone, the former study 34 is the best available information that judicious use of antiinflammatory agents are beneficial in decreasing seizures. 34, 35 Questions and approaches concerning treatment of SELs. Although the long-term prognosis of these patients is relatively good with about 85% remaining seizure-free a mean of 65 months, in the absence of AEDs, 15% have recurrent seizures. Risk factors for recurrence are two or more seizures, breakthrough seizures, and residual calcification 16 or other lesions. [15] [16] [17] [18] SEL is one variety of NCC that is ideal for study because the natural history is well described and its involution unaltered by the potential modifying influences of additional parenchymal or extraparenchymal lesions. Given their frequency, measures to prevent the development of calcifications and chronic epilepsy are important. Last, although the follow-up and prognosis are known for about 5 years, this is a relatively short time in the life of these patients.
Chronic calcific cysticercosis. Eventually most parasites calcify, commonly appearing as punctate hyperdensities on CT examinations. Brain calcifications typical of NCC are detected in from 15 to 20% of endemic populations. [36] [37] [38] [39] [40] [41] Calcifications in the absence of viable cysts are frequently the only or predominant type of lesion found in patients who present with seizures and have been implicated as seizure foci in studies. As treatment of viable cysts results in a decrease in the seizure rate, calcified and resolved cysts necessarily cause seizures at a lower rate than viable and degenerating cysts. However, the number of individuals with calcifications is large, [36] [37] [38] [39] [40] [41] and even though there is a relatively low frequency of seizures, there are a considerable number of affected persons.
Previously, calcific NCC was characterized as "inactive," implying it was not associated with significant disease or morbidity. Recently, perilesional edema around calcified lesions has been detected around foci of seizure activity or focal neurologic deficits in symptomatic patients ( figure 1) . [42] [43] [44] How calcified cysticerci cause seizures or focal neurologic symptoms is not understood. Although the overall importance and pathogenesis of this phenomenon have not been well defined, preliminary evidence suggests episodic perilesional edema is common in this population. 44 In addition, the presence of enhancement around calcified lesions and the periodic presence of edema are suggestive of an inflammatory etiology, perhaps due to sporadic release of antigen and subsequent host immunologic responses. [42] [43] [44] [45] Questions and major approaches. Chronic cysticercosis as an important cause of seizures has only recently been appreciated, and consequently a reasonable understanding of its importance and knowledge of its pathogenesis are lacking. Prospective studies are required to determine the natural history, range of clinical manifestations, seizure frequency, and how best to prevent and treat associated seizures in this group. A subset of patients presents with perilesional edema that can be frequent, recurrent, and life altering. The pathogenesis and whether the edema represents an inflammatory process or a response to focal epileptic activities are not known. A vexing question is why only a few of many lesions in the same individual are associated with perilesional edema and symptoms. There is no proven effective therapy so trials of prevention and treatment are needed. A reasonable hypothesis is that prior inflammation somehow generates a seizure focus. Enhanced measures to control inflammation or the resulting calcification induced by degenerating cysts may result in decreased rates of seizures in chronic calcific cysticercosis. It has recently been suggested that intraparenchymal calcifications alone can be toxic and promote seizures and headaches that can be reversed by calcium chelation with bisphosphonates. 46 The association of NCC with mesial temporal lobe epilepsy due to hippocampal sclerosis may provide new insights into epileptogenesis. 47, 48 Extraparenchymal NCC. Extraparenchymal cysticercosis refers primarily to infection of the subarachnoid spaces and ventricles. The clinical problems, approaches, and treatment differ from parenchymal infection, and generally, the prognosis of these patients is worse compared with those with solely parenchymal disease. 49 Cysts may be small or large; the latter commonly present with lifethreatening mass lesions. 49 They may or may not regress after anthelmintic treatment and in contrast to parenchymal cysts frequently require long-term and multiple courses of anthelmintics. 50 Meningeal inflammation is common and may lead to lacunar infarcts and hydrocephalus requiring placement of intraventricular shunts. However, shunt infection and failure are common. 51 There is a subset of patients who manifest persistent inflammation despite prolonged if not heroic courses of treatment and seem to require continuous anti-inflammatory medication; most importantly, there are no controlled studies of treatment.
Subarachnoid cysts. A subset of subarachnoid located cysts grows abnormally, presenting as large mass occupying lesions or as racemose cysts, 52 which are aberrantly proliferating membranous forms (figure 2) . Giant cysts respond to anthelmintic drugs. Inflammatory responses to subarachnoid and ventricular cysts frequently cause chronic meningitis and ependymitis that in turn result in hydrocephalus, a common long-term complication, necessitating shunt placement. Lacunar infarcts and entrapment of cranial nerves occur as a result of granulomatous inflammation affecting adjacent arteries or nerves. Whether inflammation in chronic cysticercosis meningitis is the result of continuous degeneration or chronic antigenic release from dead parasitic tissues/ cells driving host inflammatory responses is not known. Inhibition of maturation, growth, and abnormal proliferation forms would be expected to be effective treatments and result in better clinical outcomes.
Inflammation in subarachnoid cysticercosis. The importance of inflammation as a cause of morbidity and mortality is the most direct and obvious in subarachnoid and ventricular cysticercosis both from clinical observations and from autopsy examinations. Yet, very little is known about the nature of the inflammation and safe and effective measures to control it. The genesis of chronic inflammation despite long-term anthelmintic treatment is not known. There are several potential contributors. First, CSF levels of both praziquantel and albendazole sulfoxide are erratic and influenced by other medications 53 so that inadequate CSF drug levels may lead to continued parasite growth and degeneration that likely results in continued antigen release and subsequent host inflammatory responses. Second, parasite materials may not be easily processed in the subarachnoid space. Third, anthelmintic treatment may not be fully effective in the presence of immunosuppressive medications. Other larval cestodes are capable of dissemination in immunosuppressed humans or animals so that the idea of persons being chronically immunosuppressed permitting some proliferation and antigen release is possible but currently without supporting clinical data.
Surgical choices. Surgery in subarachnoid NCC is mostly restricted to shunt placement or emergency decompression. In the presence of acute obstructive hydrocephalus, surgical therapy can be lifesaving. In many cases, this can be accomplished by placement of a ventricle-peritoneal shunt. Case series suggest that shunt failure rates are high. However, the failure rate is lower in cases treated with antiparasitic drugs. As viable cysts can mechanically obstruct or degenerate and obstruct, surgical removal of cysts when feasible and safe seems a reasonable approach. On the other hand, several authors have reported successful antihelmintic treatment of giant subarachnoid cysts. 50, 54 Additionally, surgery has inherent additional risks.
Questions and major approaches. Issues such as the roles and uses of anthelmintics and antiinflammatory agents singly and in combination need to be assessed in subarachnoid and ventricular cysticercosis. Variables such as degree of drug absorption and CSF levels, degree of immunosuppression, and assessment of parasite presence/growth need to be controlled or measured to understand possible roles in clinical outcome variability. Taenia antigens have been detected in serum and CSF of certain types of NCC. [55] [56] [57] [58] The presence and amount of Taenia antigen in the CSF or serum may correlate with presence and growth of subarachnoid cysts and be particularly helpful in assessing presence, growth, and effectiveness of treatments. 59 The practical usefulness of these tests needs to be shown and, if there is utility, assays standardized and made generally available. Subarachnoid or ventricular NCC is relatively uncommon, and trials should require multicenter participation to obtain enough patients. Standardization of treatments for comparison is required.
Basic studies are needed to define the nature of the inflammatory process invoked by extraparenchymal larval cysts. Animal models using other ces- todes, the infected pig, and human studies can be used to determine the characteristics of the inflammation and what agents can safely control the inflammation over the time period required. In addition, the role of continued parasite regeneration or metabolism needs to be assessed using longer and shorter anthelmintic regimens in conjunction with immunosuppressive agents. Methotrexate has recently been reported to be an effective replacement or corticosteroid-sparing agent for long-term control of meningeal inflammation. 60 The development of effective and novel biologic immunomodulatory agents offers the possibility of relatively specific and safer anti-inflammatory agents.
Given that anthelmintic treatments usually initiate an inflammatory response that commonly requires immunosuppression, one strategy that could be of benefit is surgical removal of approachable lesions that are large, likely to lead to long-term exposure to immunosuppressives or anthelmintics, or to prevent complications. For instance, surgical removal of a large 3-cm-diameter cerebellar cyst encroaching on the fourth ventricle in the presence of normal-sized multiple parenchymal cysts would be expected to minimize the possible complications of medical treatment and the duration of therapy. The morbidity and mortality related to surgery would likely be less than the complications of long-term immunosuppression and complications from a shunt, if it were required. How, when, and which cysts should be removed should be determined. Presumably cysts showing little accompanying inflammation or viable or unattached to the surrounding structures can be removed with minimal damage to critical areas.
Ventricular disease. Cysts that lodge in the ventricles may result in hydrocephalus by blocking CSF flow mechanically or as a result of inflammation and fibrosis. Blockage of the fourth ventricle and to a lesser extent third ventricle is relatively frequent and gives rises to the most serious complications. Cysts located in the lateral ventricles can cause unilateral hydrocephalus but may also resolve without sequelae. Hydrocephalus is a common complication requiring placement of intraventricular shunts. There are no randomized treatment trials comparing the usefulness and safety of medical compared with surgical approaches.
Surgical choices. Surgery is mostly restricted to shunt placement or removal of cysts located in the ventricles. One series has shown that anthelmintic treatment of fourth ventricular cysts 61 can be effective. There are a number of convincing reports documenting the use of less invasive flexible neuroendoscopy to remove approachable subarachnoid cysts and cysts lodged in the lateral, third, and fourth ventricles. [62] [63] [64] [65] These reports suggest that in the hands of trained neurosurgeons, this method may be safer, faster, and perhaps more definitive and subsequently may lead to better long-term clinical outcomes. Most intraventricular cysts seem to be freely floating and therefore may be extracted without trauma to the brain and avoid inflammation that would be elicited by anthelmintic therapy Questions and major approaches. The role of anthelmintic therapy in ventricular cysts has not been adequately studied, although medical treatment is commonly suboptimal. It is likely that both medical and surgical treatments are useful in ventricular NCC, but the conditions where each is best need to be defined. Trials comparing medical, surgical, or medical-surgical approaches are required. Important factors modifying approaches possibly include viability and location of the cyst, the urgency of the need for decompression, degree of accompanying inflammation and adherence to vital structures, and response to anti-inflammatory measures. Similar to subarachnoid disease, there are a few reports suggesting that anti-inflammatory agents such as corticosteroids and antiparasitic drugs are useful in preservation of intraventricular shunts. However, randomized trials, perhaps employing differing agents or regimens, are needed.
Seizure genesis.
In recent studies, NCC is the cause of about one-third of all epilepsy and seizure cases in endemic areas. The risk of seizures is greatest in disease associated with viable or degenerating cysts but continues to occur to a lesser extent in chronic calcific cysticercosis. Little is known about why and how seizures and epilepsy develop in this infection. There is reasonable information implicating host inflammatory responses. First, seizure foci commonly localize to inflamed or degenerating cysts. Histologic examination reveals surrounding inflammation, and concordant MRI studies demonstrate varying degrees of contrast enhancement or edema in contrast to viable cysts that show little or no inflammation by histologic examination or by MRI. This would be consistent with a recent study suggesting that disruption of the blood-brain barrier with leakage of serum components into the brain is sufficient to induce seizures. 66 Second, anthelmintic treatment initiates a host inflammatory response around cysts that mimics histologic and radiologic findings typical of naturally degenerating cysts. Both are associated with an increased risk of seizures. Third, in a small animal model, seizures were induced by the host response rather than the parasite itself. 23 The rational for using corticosteroids during treatment is an attempt to control the inflammation and accompanying seizures.
Antiseizure medications. Antiseizure medication is indicated in all patients with epilepsy and most with seizures. Although there is no information suggesting that use of AEDs in NCC differs from use in other similar types of epilepsy and seizures, this has not been formally studied. In addition, recent studies indicate that some AEDs may affect transcription through alteration of histones. 67, 68 Theoretically, they may affect the cyst directly and have effects on course of treatment and even disease.
Questions and major approaches. As emphasized above, NCC is a common cause of seizures and epilepsy in endemic populations. Because cysticercosis is an acquired cause of epilepsy permitting prospective studies, seizure foci are commonly identifiable, and active and inactive foci can be directly compared in the same patient, these patients are uniquely valuable to study the pathogenesis of epilepsy. Inflammation likely plays a pivotal role in the genesis of seizures and epilepsy. Use of model infections in pigs for instance and sophisticated neuroimaging studies in afflicted patients can be expected to yield an understanding of important basic processes.
General recommendations.
There was overall agreement in support of the following general recommendations: 1) support by international health organizations for the development for multicenter clinical trials; 2) organization of multidisciplinary treatment units; 3) recognition that understanding of basic pathophysiologic mechanisms including survival, growth, and degeneration of the parasite, nature and character of the inflammatory response, and the genesis of seizures, epilepsy, and mechanisms of anthelmintic action will lead to safer, specific, and more effective therapies; and 4) development of noninvasive neuroimaging to assess the nature and degree of inflammation and location and state of the larval cestodes and neuroexcitation. NCC continues to be a major cause of neurologic disease in most of the world. Despite the importance and associated burden of disease (mainly related to chronic, many times disabling neurologic symptoms), key pieces of knowledge are still missing, hampering attempts to optimize clinical care.
